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OCOEEHHOCTH 3HEPrETHHECKOrO OEMEHA MHKPOCnOPHflHH 
NOSEMA GRYLLI nPH BHYTPHKJIETOHHOM PA3BHTHH 

© B. B. flojirHX, n. E. CeMeHOB, M. B. TpHropbee 

XI^HTeJibHafl aaanTauna MHKpocnopnanH k BHyrpHKJieTOHHOMy pa3BHTHio no3BOJiaeT npeanoao- 
)KHTb Hcnojib30BaHHe napa3HTaMH ATO kjictkh xo35iHHa jpifl oGecneneHna npoueccoB MeporoHHH h 
cnoporoHHH. C uejibio noaTBepxaeHHfl stoid npeanojioxeHHfl b pa6oTe 6bmo npOBeaeHO cpaBHeHHe 
aKTHBHOCTew 10 (J^epMeHTOB ymeBO^Horo h SHepreTHHecxoro oOMeHa b CTaanax BHyTpnKJieTOHHoro 
pa3BHTHa h 3penbix cnopax MHKpocnopnaHH Nosemci grylli , napa3HTnpyiomeH b xnpOBOM Tene 
CBepHKOB Gryllus bimaculatus. B pe3yjibTaTe nccneaoBaHHfl o6Hapy>KeHa 6onee HH3Kaa aKTHBHOCTb 
(|)epMeHTOB rjiHKOJiH3a, a TaioKe nii0K030-6-O aernaporeHa3bi h (|)0C(})0rjH0K0MyTa3bi b aKTHBHO pa3- 
BHBaramnxca MepoHTax h paHHHx cnoponTax no cpaBHeHHio c noKoamHMHca cnopaMH. IloJiyHeHHbie 
^aHHbie CBHAeTeJIbCTByKDT o TOM, HTO DIHKOJIH3 He flBJlfleTCtf OCHOBHbIM MexaHH3MOM CHHTe3a ATO 
npn BHyTpHKJieTOHHOM pa3BHTHH napa3HTOB. CpaBHeHne bjihahha HHBa3HH Ha coaepxaHne 3anacHbix 
yrjieBO^OB h jihhh^ob b xhpobom TeJie CBepnKOB Taxxe He BbiaBHJio H36npaTeJibHoro pacxoaoBaHna 
yrjieBO^OB. CoaepxaHne TpHrjinuepH^oB h rjiHKoreHa CHnxaeTCfl npn 3 apa>xeHHH npn6jiH3HTeJibHO b 
o^HHaKOBofi CTeneHH (b 2—3 pa3a). MaxpocnopHanH He MoryT caMOCTOflTejibHO ncnojib30BaTb 
Jinnw^bi xo35iHHa b xanecTBe SHepreTnnecxoro cyOcTpaTa, Tax xax y hhx OTcyTCTByiOT mhtoxoh^Phh, 
Uhkji Kpe6ca h xoMnoHeHTbi 3JiexTpoH-TpaHcnopTHOH uenn. TaxnM o6pa30M, nojiyneiiHbie aaHHbie 
CBH^eTejibCTBywT b nojib3y napa3HTnpoBaHH5i MnxpocnopnaHH N. grylli Ha ATO-cHHTe3HpyiomeH 
CHCTeMe )KHpoBoro TeJia CBepnxa. npeanonaraeMoe noTpe6jieHHe napa3HTOM 3X30reHH0H ATO 
conpoBOx^aeTCfl ycHJieHneM SHepreTHHecxoro o6MeHa xjieTXH xo35WHa, nocxoabxy b 3apa>xeHHOM 
XHpoBOM Tejie no cpaBHeHHio c xoirrpojieM npn6jiH3HTeJibHO b 4 pa3a yBeJiHHHBaeTCfl coaepxaHHe 
ATO h cooTHomeHne xoHueHTpaunH AT<D/AJJO. 


MHKpOCnOpHAHH 5IBJ15IK)TCfl OJJHOKJieTOHHblMH napa3HTaMH, pa3BHTHe KOTOpbIX nOJl- 
HOCTbK) npOHCXOAHT B UHTOrUia3Me KJieTKH X03flHIia. CTa^HeH nepe>KHBaHHfl BO BHeLliHeH 
cpeae ABjiaeTca cnopa, oOjiaaaimnafl tojictoh, cjioxcho ycTpoeHHOH oOojiohkoh h yHHKajib- 
HbiM annapaTOM 3KCTpy3HH, oOecnenHBaiomHM MexaHHHecxoe npoHHKHOBeHHe cnoponjia3- 
Mbl BO BHOBb HHBa3HpyeMyK) KJieTKy. fljlHTeJlbHOe BpeMH CHHTaJlH, HTO MHKpOCnOpHAHH 
ABJifliOTCfl ApeBHeHLUHMH napa3HTaMH cpean 3yKapwoT, nepemeamHMH k BHyTpHKjieTOHHO- 
My cymecTBOBaHHio eme ao noaBjieHHa b aTMOcc£)epe aocTaTOHHbix kojihhcctb KHCJiopoaa. 
BcjieACTBHe 3 toto ohh jiHiueHbi mhtoxohaphh (Mcch, 1978; Vossbrinck e. a., 1987; 
Hashimoto, Hasegawa, 1996). OaHaxo b HacToamee BpeMa nojiyneHbi yOeaHTejibHbie 
AaHHbie o cjDHjioreHeTHHecKOH 6 jih30cth MHKpocnopnaHH c rpnOaMH (Van de Peer e. a., 
2000; Weiss, 2001). ripn 3 tom OTcyTCTBne y MHKpocnopnaHH mhtoxohaphh, jih30COm, 
nepoKCHCOM, 3anacHbix nnTaTejibHbix BemecTB b BHjje rpaHyji hjih BKjnoneHHH, a Taxxce 
xapaKTepHbiH juia OojibiiiHHCTBa bhaob ManeHbKHH no cpaBHeHHio c ApyrnMH oyKapnoTaMH 
pa3Mep reHOMa (okojio 3 x 106n. H.)paccMaTpHBaiOTCflHexax npHMHTH bh bi enepTbi,axax 
pe3yjibTaTAJiHTejibHonaAanTauHHKBHyTpHKJieTOHHOMynapa3HTH3My. 

06LuenTeHAeHUHenB3BOJiK)UHHBcexBHyTpHKHeTOHHbixnapa3HTOB^Bji^eTC^ycHJieHHe 

MeTaOojiHHecKon 3aBncn mocth ot kjictkh xo3HHHa, conpoBOxcjiaiOLueec^ yTpaTOH hjih 
CHH xceHneM hHT eHCH bhocth p^fla coOcTBeHHbix Ohoxhmhhcckhx nyTen. XapaKTepHOH 
ocoOeHHOCTbio 3HepreTHHecKoroMeTa6ojiH3Mapa3JiHHHbixBHyTpHKjieTOHHbixnapa3HTOB 
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ABJiaeTCfl ncnojib30BaHne ATO kjictkh xo35MHa. TpaHcnopT ATO nepe3 MeM6paHy napa- 
3HTa MOXeT OCymeCTBJl^TbC^ C nOMOLUbK) CneUHC}3HHHbIX nepeHOCHHKOB a^eHHHOBblX HyK- 

jieoTH^OB — AT0/Afl0-TpaHCjiOKa3 (AAT), oOHapyxeHHbix bo BHyTpeHHen MeM6paHe 
MHTOxoH^pHH, njiacTHjiax pacTeHHH (Kampfenkel e. a., 1995), a TaioKe b u,HTonjia3MaTH- 
necKOH MeM6paHe Taxwx BHyTpHKJieTOHHbix npoKapnoTHHecKHx napa3HTOB, xax Rickettsia 
prowazekii h Chlamydia trachomatis (Zomorodipour, Andersson, 1999). TpaHcnopT ATO 
Me:*my napa3HTOM h uHTonjia3Mon kjictkh xo35iHHa 6bui npojieMOHCTpHpOBaH h y syKapno- 
THnecKHX BHyTpHKjieTOHHbix napa3HTOB (THn Apicomplexa). 

IlpejinOJlOXeHHe 06 HCn0Jlb30BaHHH MHKpOCnOpHjmflMH ATO KJICTKH X035IHHa 6bIJ10 
BbWBHHyTO Ha ocHOBaHHH jiaHHbix o tom, hto jjoOaBjieHne ATO b cpejiy jyifl KyjibTH- 
BHpOBaHH^ cnoponjia3M MHKpocnopHjmn Nosema michaelis no/wepxHBaeT coxpaHeHne 
in vitro hx CTpyKTypbi. B nojib3y 3Toro CBHjieTejibCTByiOT h yjibTpacTpyKTypHbie jiaHHbie 
O njlOTHOM KOHTaKTe MHTOXOHJJpHH X035IHHa C UHTOnjia3MaTHHCCKOH MCMOpaHOH BHyTpH- 
KjieTOHHbix CTajjHH MHKpocnopHjmn (Durfort, Vallinitjana, 1982). HajiHHne cneuH(J)HHHbix 
ATO/AflO-nepeHOCHHKOB y sthx napa3HTOB 6mjio HejjaBHO nojrrBepxjjeHO b pe3yjibTaTe 
nojiHOH paciHHcj3pOBKH reHOMa MHKpocnopnjm h Encephalitozoon cuniculi , no3BOJiHBiiieH 
npoBecTH ero KOMnbiOTepHbiH aHajiH3 h oOnapyxmTb nocjiejjOBaTejibHOCTH 4 tchob, kojjh- 
pyiOLUHX AAT (Katinka e. a., 2001). npejjCKa3aHHbie aMHHOKHCJiOTHbie nocjiejjOBaTejib- 
hocth OejiKOB noKa3ajiH HanSojibLuyio CTenenb cxojjCTBa c nepeHOCHHKaMH BHyTpHKjieTOH- 
hoh OaKTepHH R. prowazekii. 

B03M0)KH0CTb HMnOpTa MHKpOCnOpHJJH5IMH ATO X035IHHa CTaBHT BOnpOC O B03M0X- 
HOCTH CHH)KeHHfl pOJIH TJlHKOJlH3a B oOeCneHCHHH SHepiTieH CTajJHH BHyTpHKJlCTOHHOTO 
pa3BHTH5i 3thx napa3HTOB no cpaBHeHHio co cnopaMH. C 3toh uejibio Mbi npOBejiH H3Mepe- 
HHe yjiejibHbix aKTHBHOCTen pajja cjDepMeHTOB ynneBOjmoro oOMeHa, b tom hhcjic h tjihko- 
JlH3a, B OHHmeHHbIX MepOHTaX H paHHHX CnopOHTaX MHKpOCnOpHAHH N. grylli H CpaBHHJIH 
3th 3HaneHHH c jaaHHbiMH, panee nojiyneHHbiMH juifl cnop. KpoMe toto, Mbi nonbiTajincb 
oueHHTb BjiHAHHe 3apa*eHH5i Ha chhxchhc cojiep^KaHHH b kjictkc xo3flnna 3anacnbix 
ynneBojiOB h jinnnjjOB. B cjiynae npeHMymecTBeHHoro CHHTe3a coOctbchhoh ATO bmhto- 
xoH^pHajibHbie napa3HTbi OyjiyT H36HpaTejibno ncnojib30BaTb ynneBOjjbi xo3HHHa. OjmaKO 
ecjiH ATO xijih napa3HTOB cHHTe3npyeTC5i mhtoxoh^phhmh 3apaxeHHOH kjictkh, to b 
KanecTBe snepreTHHecKoro cyOcTpaTa b paBHOH Mepe MoryT cjiyxcHTb h Jinnnjibi, h yrjieBO- 
JJbl. fljlfl OUeHKH BJIH51HH51 MHKpOCnOpHJJHH Ha HHTCHCHBHOCTb SHepreTHHCCKOTO oOMCHa 
kjictkh xo3^HHa 6buio npoBejjeHO cpaBHenne cojiep^KaHH^ b 3apa>KeHHon h KOHTpojibHon 
(He3apaxeHHOH) TKanax cjiejjyiomHX cyOcTpaTOB: CBoOojmafl rjnoK03a, rjiK)K030-6-(J)0C(J)aT, 
nnpyBaT, ATO, AflO h cootholuchhc KOHueHTpaunn ATO h AflO. nojiyneHHbie b 
pe3yjibTaTe HacToamero nccjiejiOBaHHfl jjamibie CBHjjeTejibCTByiOT b nojib3y Hcnojib30BaHH5i 
MHKpocnopHjiHeH N. grylli ATO kjictkh xo3flHHa juia oOecneHeHHfl SHeprnen npoueccoB 
MepOTOHHH h cnoporoHHH. 


MATEPHAJILI H METO^LI 

HccjiejjOBaHHfl BbinojiHeHbi Ha jiaOopaTopHon «nonyji^uHH» jmynflTHHCToro CBepHKa 
Gryllus bimaculatus , HCKyccTBeHHO 3apaxceHHOH MHKpocnopHjmen Nosema grylli (Coko- 
jiOBa h jjp., 1994), napa3HTHpyK)meH b xhpobom Tejie HaceKOMbix. 2KnpoBoe tcjio CBepnKOB 
npenapHpoBajiH, npOMbiBajin b c}3occ[3aTHO-cojieBOM 6y(J)epHOM pacTBOpe (OCB, 138 mM 
NaCl, 3 mM KC1, 1.5 mM KH 2 P0 4 , 8 mM Na 2 HP0 4 , pH 6.8) h ncnojib30BajiH b jiajibHeH- 
iiJHx 3KcnepHMeHTax. 

H3MepeHHe aKTHBHOCTen (J)epMeHTOB b cnopax h CTajiH5ix. Ctbjihh BHyTpHKJieTOHHoro 
pa3BHTH5i BbmejifljiH ueHTpH(J)yrHpOBaHHeM b rpa^neHTe hjiothocth IlepKOJUia h HHKyOnpo- 
bbjih b OCB, cojjepxameM 0.1 % TpHTOHa X-100, Ha xojiojiy b TeneHne 10 mhh. Pa3pymeH- 
Hbie jjeTepreHTOM CTajiHH ueHTpH^yrnpOBajin npn 17 000 g 10 mhh, h cynepHaTaHT hc- 
nojib30BajiH juifl onpejiejieHH^ aKTHBHOCTH cJjepMeHTOB. OnncTKy h pa3pymeHHe cnop b 
OCB npOBOjmjin no paHee pa3pa6oTaHHon mctoahkc (Dolgikh e. a., 1997). Akthbhoctb 
Bcex cf>epMeHTOB H3Mep^jin npn jijihhc BOJiHbi 340 hm h TeMnepaType 37°. CocTaB peaKun- 
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ohhoh CMecH aaa mi0K030-6-cf)0C(f)aT aernaporeHa3bi (rji-6-Oflr, KO 1.1.1.49), cJdoccJx)- 
rjiiOKOMyTa3bi (OTM, KO 5.4.2.2), reKCOKHHa3bi (rK, KO 2.7.1.1), cj30C(f)0rjii0K0H30- 
Mepa3bi (OTH, KO 5.3.1.9), 3-cjx)ccjx)raHHepaTKHHa3bi (OrK, KO 2.7.2.3) (1 -h MeToa), 
nnpyBaTKHHa3bi (I1K, KO 2.7.1.40), rjiHuepoji-3-cf)oc(f)aT aernaporeHa3bi (r-3-Oflr, 
KO 1.1.1.8) 6biji npHroTOBjieH comacHO paHee ncnoab30BaHHOH MeToanKe (Dolgikh e. a., 
1997). PeaKUHOHHaa CMecb aaa n3MepeHH5i aKTHBHOCTeii c{30ccj30cj3pyKT0KHHa3bi (OOK, 
KO 2.7.1.11), OrK (2 -h MeToa) h ATO-a3bi coaepxcaaa: 100 mM Tpnc-HCl (pH 7.8), 
100 mM KC1, 5 mM MgS0 4 , 1 mM ATO, 1 mM cjx)cc{3o(eHoa)nHpyBaTa, 0.2 mM HAflH, 
2 E/mji nK, 0.5 E/mji aaKTaTaernaporeHa3bi h npo6y. flonoaHHTeabno npn n3MepeHnn 
OOK h OrK CMecb coaep>Kaaa cooTBeTCTBeHHO 1 mM c{3pyKT030-6-cj30cc{3aTa nan 2 mM 
3-cf)occj3orjiHuepaTa (KOHTpoab ne coaep>Kaa cj3pyKT030-6-cf)occ{3aT b cjiynae OOK, 3-cjx)c- 
cj3omHuepaT b caynae OTK nan npo6y). npn n3MepeHHn ATO-a3bi b KonTpoabHyio CMecb 
He aoOaBmnH ATO nan npo6y. 

M3MepeiiHe coaepxcaHna 3anacHbix BemecTB b xnpoBOM Teae CBepHKOB. 2KnpoBbie Teaa 
KOHTpOJIbHbIX H 3apa)KeHHbIX J1HHHHOK CBepHKOB nOCaeaHerO B03paCTa B3BeUJHBaJlH H 
Hcnojib30Bann aJifl 3KCTpaKu.HH ranKoreHa h o6ihhx annnaoB. TKaub 3KCTparnpoBajiH 
KHnHHeHHeM b 30 %-hom KOH, HepacTBopeHHbin MaTepnaa yaaaaan ueHTpHC^yrnpoBa- 
HHeM, a rjiHKoren ocaxcaaan aoOaBaeHneM 1.2 oO^eMa 96 %-Horo 3Tanojia, nepeocaxcaaan, 
ocaaoK BbicyiHHBajiH h rnapoaH30Baan b 0.6 h HC1. B HenTpaaH30BaHHOM pacTBope 
onpeaeaaan KOHueHTpaunio raiOK03bi 3H3HMaTHHecKHM MeToaoM c Hcnoab30BaHHeM npe- 
napaTOB TK h T-6-Oflr (llpaKTHKyM no 6 hoxhmhh, 1989). Jlnnnabi 3KCTparnpoBajiH 
no MeToay Ooana h nocae BbinapnBaHHtf pacTBopnTeaa onpeaeaaan KOHenHyio Maccy 
3KCTpaKTa. DKCTpaKT pa3Boanjin xjiopocf)opMOM h xpoMaTorpacjmpoBaaH Ha njiacTHHKax c 
cnjiHKarejieM G no CTaHaapmbiM MeToanKaM b cncTeMe reKcaH/sTnaoBbin scfwp/aeaaHatf 
yKcycHaa KncaoTa b cooTHomeHHH 90/20/1. npoa BJieHne njiacTHHOK npoBoanan c napaMH 
noaa. B KanecTBe CBnaeTeaa ncnojib30Bajin annnaHbie 3KCTpaKTbi CBHHoro caaa h mhto- 
xoHapnn 6biKa. 

OnpeaeaeHne coaepxcaHna cyOcTpaTOB 3HepreTHHecKoro oOMeHa 
B XCHpOBOM TeJie CBepHKOB 

llocKOJibKy 3apa)KeHHoe xcnpoBoe Teao coaepxcnT 3HaHHTejibHoe KoanaecTBO CTaann h 
T5i>Kejibix cnop MHKpocnopnanH, KOHueHTpauHio cyOcTpaTOB onpeaeaaan b roMoreHaTe 
xcnpoBoro Teaa nocae oca>KaeHH5i napa3HTOB. C 3toh uejibio OTnpenapnpoBaHHbie xcnpoBbie 
Teaa npoMbiBajm b OCB h roMoreHH3HpoBajin b CTeKaaHHOM roMoreHH3aTope TecjDJiOHOBbiM 
necTHKOM b tom xe pacTBope. ToMoreHaT ueHTpHC^yrnpoBajin npn 300 g 5 mhh h k cynep- 
HaTaHTy aoOaBJi^jin xjiopHyio KncaoTy ao 5 %. Bee onepaunn npoBoanan 6biCTpo h npn 0°. 
llonyHeHHbie 6e36eaKOBbie 3KCTpaKTbi HenTpaaH30Baan KOH h ncnoab30Baan aaa onpeae- 
aeHH5i KOHueHTpaunn cy6cTpaTOB. CoaepxcaHne Bcex cy6cTpaTOB H3Mepaan 3H3HMaTH- 
necKHM MeToaoM. B KanecTBe BcnoMoraTeabHbix cj3epMeHTOB ncnoab30Baan: T-6-Oflr aaa 
onpeaeaenna rjn0K030-6-cj30Ccj3aTa, TK h T-6-Oflr npn onpeaeaeHHH CBo6oanon raiOK03bi 
n ATO, aaKTaTaernaporeHa3y npn onpeaeaeHHH nnpyBaTa, nK h aaKTaTaernaporeHa3y 
npn onpeaeaeHHH koh ueHTpaunn AflO. Coaepxcanne cy6cTpaTOB paccHHTbiBaan b HMoaax 
na Mr 6eaKa b cynepHaTanTe nocae ocaxcaeHHH napa3HTOB. 

KonuenTpaunio 6eaKa onpeaeaaan no MeToay Epaaej^opa (Bradford, 1976). 

PE3YJII>TATbI II OECy^CaEHIIE 

Hcnoab30BaHHbin b pa6oTe MeToa ohhctkh no3BoaaeT BbiaeanTb HHTaKTHbie CTaann 
BHyTpnKaeTOHHoro pa3BHTna N. grylli (pnc. 1, A), nocaeayiomaa HHKyOauna OHnmeHHbix 
CTaann b npncyTCTBHH 0.1 % TpnTOHa X-100 npnBoanT k pa3pymeHHio naa3MaTHHecKon 
MeMOpaHbi h BbiCBoGoxcaeHHio b epeay BHyTpnKaeTOHHoro coaep>KHMoro (pnc. 1, E). noay- 
HeHHbin MaTepnaa 6bia ncnoab30Ban aaa TecTnpoBaHna aKTHBHOCTen aecaTH cj^epMeH- 
tob yraeBoaHoro h 3HepreTHHecKoro MeTa6oan3Ma (Ta6a. 1). CaeayeT OTMeTHTb, hto Bee 
H3yHeHHbie cf)epMeHTbi, 3a HCKaionenneM ATO-a3Hon aKTHBHOCTH, aoKaan30BaHbi b hhto- 
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Phc.1. OnHCTKa h pa3pymeHHe MepOHTOB h paHHHX cnopOHTOB MMKpocnopHjjHH Nosema grylli. 

A — Bbme/ieHHbie MeTOao m ueHTpncf)ynipOBaHHfl b rpanweHTe iuiothocth FlepKO/uia BHyTpuKjieTOHHbie cTaami b 
ct>C5 (cf>a30BbiM KOHTpacT, x220, x600); Z> — nHKy6auna BbmejieHHbix cTaiuiM b npHCyrCTBH m 0.1 %-HOro 
TpuTOHa X-100 Bbi3biBaeT pa3pbiB unTOnjia3MaTHHecKOM Me\i6paHbi h BbiCBoGoamemie coiiepjKHMoro kjictkh 

(cf)a 30 BbIH KOHTpacT, x220). 

Fig. 1. Cleaning and destruction of meronts and earlier sporonts of the microsporidia Nosema grylli. 


30Jie. B CBA3H C 3THM FlpHCyTCTBHe He3Ha4HTeJlbHOrO KOJ 1 HHeCTBa fljjep KJieTOK X03fl HHa 
bo c})paKUHH OHHmeHHbix CTaAHH He bjihact Ha noJiyneHHbie pe3yribTaTbi. AHajiorHHHbie 
cj)epMeHTbi 3apa>KeHHOH kjictkh b npo6bi MHKpocnopHjjHH c fljjpaMH nonacTb He Moryr. 
CpaBHeHHe nojiyneHHbix AaHHbix c aKTHBHOCTbio cJjepMeHTOB, Ha6jnojjaeMOH b cnopax 
(Dolgikh e. a., 1997), noKa3ajio, hto aKTHBHOCTb TK b cTajjHflx, KaK h b cnopax HaxojiHTCfl 
3a rpaHHuen HyBCTBHTejibHOCTH Hcno;ib30BaHHoro MeTOfla. OrM h OOK He BbiflBjnuoTCfl b 
CT ajinax, b to BpeMfl KaK b cnopax o6Hapyx<HBaeTCfl AOCTOBepHaa aKTHBHOCTb o6ohx 
c})epMeHTOB. B cnopax paHee 6buia o6Hapyx<eHa oneHb BbicoKaa aKTHBHOCTb OfM, ojmaKO 
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Ta6;i h ua 1 

CpaBHeHwe yaejibHOH aKTHBHOCTH cj)epMeHTOB ynneBoaHoro 
H 3HepreTHHecKoro o6MeHa b cnopax h oeTKax BHyTpwicneTOHHbix 
CTaann pa3BHTHfi MHKpocnopnaHH jVi grylli 


Table 1. Comparison of activities of carbohydrate 
and energetic metabolism enzymes in spores and cells of intracellular 
stages of microsporidia Nosema grylli 


OepMeHT 

Cnopbi 

MepoHTbi n paHHne 
cnopoHTbi 

r.n-6-o 

15 ± 1* 

7 ± 1 (8)a 

orM 

7 ± 1* 

< 1 (4) 

r k 

< 0.2* 

< 1(5) 

ora 

1549 ± 255* 

23 ± 2 (9) 

OOK 

10+ 1 */13± 3 6 

< K5) 

OrK (1-h cnoco6) 

16 ± 4* 

7 ± 1 (5) 

OTK (2-h cnoco6) 

16 ±2 (2) 

8 ± 1 (4) 

nK 

6± 1* 

2 ±0.3 (5) 

r-3-o,ar 

16 ±2* 

17 ±3 (5) 

ATO-a3a 

7 ± 1 (3) 

17 ±4 (4) 


FlpHMenaHHe. a — 3HaHeHHJi b cKo6Kax noKa3biBaiOT hmcjio He3aBHcnMO npoBe- 
AeHHbix npoue/iyp ohuctkm; 6 — aKTHBHOCTb OOK b cnopax, n3MepeHHa*i no ncnojib- 
30BaHHon b .aaHHon cTaTbe MeTO/inKe; * — 3HaneHH5i npe/icTaBJieHbi no MaTepnajiaM 
CTaTbn Dolgikh e. a., 1997. 


B CTa^HflX aKTHBHOCTb 3TOTO (jDepMCHTa CHH>KaeTCH npH6jlH3HTeJlbHO B 50 pa3. B 2 pa3a 
OblJlH TaKXCe CHHXCeHbl aKTHBHOCTH r-6-OflT, OTK H nK B CTajtHHX no CpaBHeHHK) CO 
cnopaMH. AKTHBHOCTb T-3-Oflr AOCTOBepno ne OTJiHHanacb b cnopax h b cxaflHflx, a 
aKTHBHOCTb ATO-a3bi 6biJia b cTa^nax aa>Ke Bbune, neM b cnopax. 

HaOjno^aeMoe b MeponTax h paHHHx cnoponTax cnHxcenHe aKTHBHOCTH 6 c})epMeHTOB 
no cpaBnenHK) co cnopaMH He CBsnano c noTepaMH b xo^e ohhctkh, nocKOJibKy ncnojib30- 
BannbiH MeTojs, BbmeneHHfl no3BOjmeT coxpanHTb uenocTHOCTb CTa^HH. flencTBHe npoTea3 
TaKXe, BepOMTHO, He flBJlfleTCfl npHHHHOH CTOJlb HH3KHX 3HaneHHH aKTHBHOCTH (}3epMeHTOB 
b CTaanax, nocKOJibKy flCH-3JieKTpoc}3ope3 b nojinaKpHJiaMH^HOM rene c conojiHMepn30- 
BaHHbiM xcenaTHHOM b KanecTBe cydcTpaTa ne BbiHBHji 6ojiee bmcokoh aKTHBHOCTH npoTea3 
b BbwejieHHbix cTa^HMx no cpaBnenHK) co cnopaMH (neonyOjiHKOBaHHbie aanHbie). KpoMe 
TOTO, aKTHBHOCTb OTfleJlbHblX C}3epMeHTOB CHH>KaeTCH B CTaflHflX B pa3HOH CTeneHH, B TO 
BpeM5i KaK aKTHBHOCTb r-3-Oflr ne H3MenHeTCH no cpaBnennio co cnopaMH, a aKTHBHOCTb 
ATO-a3bi aaxce B03pacTaeT. 

Pa3JiHHHbie rpynnbi aHaspoOnbix napa3HTHnecKHX npocTeHinHX oOecnenHBaioT noTpeO- 
HOCTH B ATO 3a CHeT peaKUHH rJIHKOJlH3a. B CBA3H C 3THM 6oJiee HH3Kafl aKTHBHOCTb 
TJlHKOJlHTHHeCKHX Cj)epMeHTOB BHyTpHKJieTOHHblX CTa^HH MHKpOCnOpHflHH nO CpaBHeHHK) 
co cnopaMH OKa3anacb HeoxcH^aHHOH. OneBHano, hto HHTeHCHBHO pa3MHo;*;aK)LUHec5i 
MepoHTbi h paHHHe cnopOHTbi, ^Ji5i KOTopbix xapaKTepHO Hanajio npoueccoB cnoporoHHH, 
HyxjtaioTCfl b 3HanHTejibHO OojibLneM KOJiHHecTBe ATO, neM noKOflmnecfl 3pejibie cnopbi. 
Bee 3 to yKa3biBaeT Ha cymecTBOBaHne apyrnx MexaHH3MOB npoayKUHH ATO juia pa3BHTH5i 
napa3HTOB. MHKpOCnOpHflHH JlHLlieHbl MHTOXOHapHH, KOMnOHeHTOB UHKJia Kpe6ca H 3JieK- 
TpoH-TpaHcnopTHOH uenn (Katinka e. a., 2001 ). 3 to aenaeT HeB03M0>KHbiM CHHTe3 ATO b 
pe3yjibTaTe OKHCJiHTejibHoro KaTa6onH3Ma pa3JiHHHbix cyOcTpaTOB h, b nepByio onepe^b, 
xnpHbix khcjiot caMHMH napa3HTaMH. TaKHM o6pa30M, ocTaeTca npe^nojioxHTb, hto 
BHyTpHKJieTOHHbie CTa^HH MHKpOCnOpH^HH N. grylli HCnOJlb3yiOT ATO KJieTKH X035IHHa, 
TpaHcnopTHpyeMbiH c noMombio ATO/AflO-nepeH0CHHK0B, aHanorHHHbix oOHapyxeHHbiM 
b reHOMe E. cuniculi. 

noTrrBepxateHHfl 3Toro npeanojioxceHHfl Mbi npOBenn cpaBHeHHe bjihahha MHKpo- 
cnopnanH Ha co^epxaHHe rjiHKoreHa h jinnH^OB b xhpobom Tene CBepHKOB (TaOn. 2). 
Hccjie^OBaHHe noKa3ajio, hto b 3apaxeHHOH KJieTKe HaOjnoaaeTCfl jtocTOBepHoe CHHxeHne 


3 napa3HTOJioni}i, N-_* 6, 2002 r. 
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Ta6;mua 2 

CpaBHeHHe coaepxaHHH mHKoreHa 
(hm r^K)K03bi/Mr cbiporo Beca TKaHH) h o6luhx JinnnaoB 
(MKr JinnuaHoro SKCTpaicra/Mr cbiporo Beca TKaHH) 

B XHpOBOM Tejie KOHTpOJIbHbIX H 3apaXeHHbIX CBepHKOB 

Table 2. Comparison of glycogen content 
(nm of glucose/mg of crude weight of tissue) and lipids 
(mkg of lipid extract/mg of crude weight of tissue) in the fat bodies 
of control and infected crickets 





95 %-HbiH ypoBeHb 

CybcTpaT 

KoHTpO^b 

MHKp0Cn0pHAH03 

AOCTOBepHOCTH 

pa3JIHHHH 

DiHKoreH 

88 ± 17 (17)“ 

30 ± 8 (14) 

+ 

06mne jinnuabi 

247 ±30 (10) 

114 ± 10 (5) 

+ 


npHMenaHHe. a — 3HaneHH5i b CKobKax noKa3biBaioT hhcjio He3aBHCHMO 
H3yneHHbix CBepHKOB. 


couepxcaHna o6ohx komhohchtob. KoHueHTpauna mHKoreHa CHHacaeTca npH6jiH3HTejibHO 
b 2.9 pa3a. npH stom cjieuyeT ynecTb, hto 3HaHHTe;ibHaa nacTb noTpe6jmeMOH napa3HTaMH 
rjii0K03bi He pacxouyeTCfl Ha npon3BoucTBO ATO, a 3anacaeTca b Gojimiihx KOJinnecTBax b 
cnopax b BH,ae Tpera/i03bi (Vandermeer, Gochnauer,1971; Undeen e. a., 1987). Couepaca- 
HHe o6utHX JIHnHflOB B 3apaxeHHOH >KHpOBOH TKaHH CHHMCaeTCa no CpaBHeHHK) C KOHTpO- 
jieM b 2.2 pa3a. ToHKOcnoHHafl xpoMaTorpac^na SKCTparnpoBaHHbix jinnnuoB Ha CHJiHKare- 
JieBblX njiaCTHHaX n03BOJIHJia yCTaHOBHTb, HTO B KOHTpOJlbHOM >KHpOBOM Tene OCHOBHyiO 
AOJltOJinnHAOB COCTaBJIHIOT TpHrJlHUepH^bl, KOTOpbie H flBJDHOTCfl maBHbIM 3HepreTHHecKHM 
pe3epBOM KJieTKH. B HHBa3HpOBaHHOM >KHpOBOM TeJie CHH>KeHHe CO,aep>KaHHtf JlHnHAOB 
npOHCXOAHT HMeHHO 3a CHeT 3TOH cf)paKUHH (pHC. 2). ripH 3TOM 3apa*eHHe BbI3bIBaeT 
yBejiHHeHHe b TKaHH xo3AHHa uojih nojmpHbix jiHnnuoB, hto, BepoaTHO, CB^naHO c ycnneH- 
HbiM MeM6paHoreHe30M b KJieTKax napa3HTOB. TaKHM o6pa30M, couep>KaHHe pe3epBHbix 
TpHrriHuepHflOB cHHacaeTca b 3apa>KeHHOM >khpobom Tejie 6ojiee neM b 2.2 pa3a. 3HaHHTe.nb- 
Hoe CHH^eHHe couepacaHna >Knpa b >khpobom Tejie HaceKOMbix npn MHKpocnopnuH03e 
OTMena^ocb h upyrnMH aBTopaMH (Canning, 1962; Darwish e. a., 1989), b tom HHCJie h 
y CBepHKOB G. bimaculatus, HHBa3HpOBaHHbix N. grylli (Cejie3HeB h up., 1996). 

nonyneHHbie pe3yribTaTbi cBnueTenbCTByioT 06 OTcyTCTBHH b 3apa>KeHHon KjieTKe h36h- 
paTejibHoro pacxouoBaHna ymeBOuoB KaK eunHCTBeHHO B03MO>KHoro cy6cTpaTa j\nx chhtc- 
3a ATO caMHMH napa3HTaMH b xoue MajioscjxjDeKTHBHoro rjiHKOjiH3a. llpH6jiH3HTejibHO 
paBHoe CHHaceHHe couepxaHna mHKoreHa h TpnmHuepHuoB b 3apaxceHHOH KjieTKe, cko- 
pee, yKa3biBaeT Ha Hcnojib30BaHHe napa3HTaMH o6MeHHbix npoueccoB xo3flHHa, nocKOJibKy 
MeTa6ojiHHecKaa CHCTeMa acnpoBoro Tena HaceKOMbix MoxceT ncnojib30BaTb b paBHOH Mepe 
ymeBO^bi, acnpbi h upyrne coeunHeHna npouyKunn ATO b npouecce OKHCJiHTejibHoro 
Cj)OCCj)OpHJlHpOBaHHa. 

CpaBHeHHe couepacaHna cy6cTpaTOB h npoMe>KyTOHHbix npouyKTOB 3HepreTHHecKoro 
o6MeHa b >KHpoBOM Tene KOHTponbHbix h 3apa>KeHHbix CBepHKOB noKa3ajio, hto napa3HTbi 
Bbi3biBai0T AOCTOBepHoe yBejiHHeHHe KOHueHTpaunn ATO b unTonjia3Me kjictkh xo3AHHa 
npH6jiH3HTejibHO b 4 pa3a (Ta6n. 3). flpn stom koh ueHTpaunn AflO b 3apa>KeHHOH TKaHH 
AOCTOBepHO He OTJlHHaeTC5I OT KOHTpOJlfl. TaKHM o6pa30M, B HHBa3HpOBaHHOH KJieTKe 
Ha6jiionaeTCfl h 3HaHHTenbHoe yBejinneHne cooTHomeHna KOHueHTpaunn ATO/AflO. Gne- 
nyeT OTMeTHTb, hto noKa3aTenb ATO/AflO flBjmeTca nocTOAHHbiM ujia Kaacnon npo6bi 
He3aBHCHMO ot CTeneHH ee pa3BeneHHa. 3to no3BOjuieT H36e>KaTb B03M0>KHbix hctohho- 
CTen, CBjnaHHbix c onpeneneHneM KOHueHTpaunn 6e;iKa. C noMOiubio ncnojib30BaHHoro 
MeTOua hh b 3apa*eHHOM, hh b KOHTpojibHOM >KnpoBbix Tenax nnpyBaT BbiaBjieH He 6bui, 
HTO, BepOflTHO, CBfl3aHO C erO HHTeHCHBHbIM nOTpe6jieHHeM MHTOXOHUpnaMH. B acnpOBOM 
Tene CBepHKOB oGHapyaceHO OTHOCHTenbHO BbicoKoe conepacaHne cbo6ouhoh rjuoK03bi. 
KOHueHTpaunn mi0K03bi 3HaHHTejibHO BapbnpoBajia y OTnejibHbix oco5en, ho pa3JMHHH 
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0ponm 


Phc 2. Pa3aejieHHe jiunnaoB xnpoBoro Tejia CBepHKOB 
Gryllus bimaculatus MeToaoM tohkocjiohhoh xpoMaiorpa- 

1,2 — He 3 apa>KeHHoe >KMpoBoe tcjio; 3 — )KHpoBoe Tejio CBepn- 
Ka, 3 apa>KeHHoe MMKpocnopH,aneii N. grylli; 4 — cTaaaapT. 

Fig. 2. Separation of lipids from the fat bodies of the 
crickets Gryllus bimaculatus by the method of fine-layered 
chromotography. 
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MOKXty KOHTpOJIbHbIMH H 3apa*eHHbIMH HaCeKOMbl- 
mh no 3TOMy noKa3aTejiio Mbi He o6Hapyx<HjiH. Cpe^- 
nee 3HaneHne KOHueHTpaunn nniOK030-6-cj)occi)aTa 
npn 3apa>KeHHH B03pacTaeT npn6jiH3HTejibHO b 
2 pa3a no cpaBHeHHio c KOHTpojieM, o^HaKO aocto- 
BepHOCTb 3THX OTJ1HHHH HH)Ke ypOBHfl flOCTOBep- 

HOCTH 95 %. 

Heo 6 xo / aHMOCTb npe^BapnTejibHoro yflaneHHfl 
cnop H BHyTpHKJieTOHHbIX CTaj^HH MHKpOCnOpHAHH 
He no3BOJinna HaM npoBecm roMoreHH3aumo TKaHH 
xo3HHHa HenocpejtCTBeHHO b pacTBope xjiopHon khc- 
jiOTbi. TaKHM o6pa30M, npe^CTaBjieHHbie ^aHHbie, 
no Been bh^hmocth, He OTpaxaiOT flencTBHTejibHoro 
co^epxaHHH 3 thx coe^HHeHHH b )khpobom Tejie 
CBepHKOB in vivo. OflHaKo xtocTOBepHoe yBejinneHne 
KOHueHTpaunn ATO n cooTHomeHHfl ATO/AflO b 
npo 6 ax 3apaxeHHoro xnpoBoro Tena no cpaBHeHHio c KOHTpojieM no3BOJiaeT c^ejiaTb 
BbiBOxt 06 ycHjieHHH HHTeHCHBHocTH npoueccoB, HanpaBjieHHbix Ha CHHTe 3 ATO b 3 apa- 
xceHHOH KjieTKe. PaHee HaMH 6biJio noKa3aHO 3HaHHTejibHoe yBejinneHne (b 5—10 pa3) 
aKTHBHocTH jiaKTaraernjiporeHaabi (flojirnx h jip., 1995), T-3-Oflr h FIK (flojirax, 1998) b 
>KH poBOM Tejie CBepHKOB, 3apax<eHHOM MHKpocnopHAH^MH N. grylli , hto TaKxce CBM^eTejib- 
CTByeT 06 ycHjieHHH SHepreTnnecKoro KaTa6ojiH3Ma b HHBa3npoBaHHon KjieTKe. riojiyneH- 
Hbie pe3yjibTaTbi comacyioTCfl c jiaHHbiMH o tom, hto pa3BHTHe MHKpocnopnxtHH b Hacexo- 
Mbix Bbi3biBaeT noBbiuieHHe cjjyHKUHOHajibHOH aKTHBHocTH mhtoxohaphh (Weidner e. a., 
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Tabjinua 3 

CpaBHeHHe coaepxaHHH p*ma cybcTpaTOB 3HepreTHHecKoro obMeHa 
b xnpoBOM Te;ie KOHTpojibHbix M 3apaxeHHbix CBepHKOB (HMOJib/Mr 6e;iKa 
b roMoreHaTax xnpoBoro Te;ia noc.ne ocaxcueHna napa3HTOB) 


Table 3. Comparison of energetic metabolism substrate contents 
in the fat body of control and infected crickets (nmol/mg of proteins 
in homogenates of fat body after the precipitation of parasites) 


CybcTpaT 

KoHTpO/lb 

MHKpOCnopMaH03 

95 %-Hbifi ypoBeHb 
ilOCTOBepHOCTM 
pa3JIMHMH 

r^K)K03a 

152 ±69 (7) a 

187 ±45 (7) 


DlI0K030-6-O 

16 ± 6 ( 10 ) 

35 ± 6 (10) 

— 

FlnpyBaT 

He o6HapyxeH 

He o6Hapy>KeH 


ATO 

7 ± 1 (10) 

30 ± 6 (10) 

+ 

MO 

21 ±6 ( 8 ) 

26 ± 6 ( 11 ) 

— 

ATO/MO 

0.3 ±0.1 (9 ) 6 

1.2 ± 0.3 (9) 

+ 


ripMMeHaHMe. a — 3 HaneHMfl b CKobKax noKa 3 biBaiOT hhcjio He 3 aBMCMMO M 3 yneH- 
HblX CBepHKOB; 6 — epe^Hee COOTHOLUeHMM KOHUeHTpaUMH ATO/OJIO, BbIHMCJieHHbIX 
Ann Ka>KaoH oxaejibHO npoaHajiH 3 MpoBaHHon oco 6 m. 
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1999), a TaioKe ycHJieHHoe nonnomeHHe KHCJiopo^a Ha ypoBHe uejioro opraHH3Ma (Le¬ 
wis e. a., 1971). 

ripHBe,aeHHbie b pa6oTe jtaHHbie CBM^eTejibCTByiOT 06 Hcnojib 30 BaHHH MHKpocnopHflHen 
N. grylli Ha CTajtHH BHyTpHKJieTOHHoro pa3BHTHH ATO, CHHTe3HpyeMOH kjictkoh xo3HHHa. 
O^HaKo ajih OKOHHaTejibHoro ncmTBepxmeHHA 3 Toro npejuiojioxceHHH Tpe6yeTCfl AOKa3aTb 
npHcyTCTBHe ATO/AflO-nepeH0CHHK0B b UHTonjia3MaTHHecKOH MeM6paHe napa3HTOB. 

HccjiejiOBaHHe BbinojiHeHO npH nojmepxace PoccHHCKoro c^OHjta c^yH^aMeHTajibHbix 
Hccjie^OBaHHH (npoeKT Nl> 01-0-49123a). 
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PECULIARITIES OF METABOLISM OF THE MICROSPORIDIA NOSEMA GRYLLI 
DURING THE INTRACELLULAR DEVELOPMENT 

V. V. Dolgikh, P. B. Semenov, M. V. Grigor’yev 
Key words’, microsporidia, energy metabolism, host-parasite interactions. 

SUMMARY 

A long adaptation of Microsporidia to intracellular development supposes the host-derived ATP 
dependence of merogony and sporogony stages. To prove this assumption the activities of ten 
carbohydrate and energy metabolism enzymes were compared in the microsporidia Nosema grylli 
intracellular stages and mature spores. This species infects the fat body of crickets Gryllus bimacula- 
tus. We have demonstrated lower activities of glycolytic enzymes, phosphoglucomutase and glucose- 
6-PhDH in the metabolically active meronts and sporonts than in the dormant mature spores. Low 
glycolysis level indicates that carbohydrate catabolism is not a principal mechanism of ATP supply in 
the N. grylli intracellular stages. Furthermore, we have not revealed a preferable expenditure of 
glycogen in comparison with triglycerides in infected cricket fat bodies. The N. grylli infection causes 
an equal reduction of glycogen and lipid content approximately in 2—3 times. Microsporidia have not 
mitochondria, Krebs cycle and electron-transport chain. Therefore they are not able to utilise fat 
reserves for ATP production. It seems to be proposed that microsporidia consume exogenous ATP 
which is produced by host cell metabolic system. The N. grylli infection provokes an increase of ATP 
content and ratio of ATP/ADP concentrations in cricket fat bodies approximately in 4 times. These 
data indicates a rise of host cell energy metabolism rate during the infection. 
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